12 United States Patent

Kuwata et al.

US007027088B1

US 7,027,088 B1
Apr. 11, 2006

(10) Patent No.:
45) Date of Patent:

(54) COLOR TO MONOTONE CONVERSION (56) References Cited
APPARATUS, COLOR TO MONOTONE -
CONVERSION METHOD AND A MEDIUM U.s. PATENT DOCUMENTS
RECORDING THEREON A COLOR TO 4,794,460 A * 12/1988 Shiota .......cccceveeeeeennn 386/128
MONOTONE CONVERSION PROGRAM 4926454 A * 5/1990 Haendle et al. ............ 378/98.5
4,930,009 A * 5/1990 Shiota .....cccovvvvivininnnn 358/506
4,939,581 A * 7/1990 Shalit ......cccovvvvinininn. 348/254
(75) Inventors: Naoki Kuwata, Nagano-ken (JP); FORFIGN PATENT DOCUMENTS
Yoshihiro Nakami, Nagano-ken (JP)
JP 61-288662 12/1986
(Continued)
(73) Assignee: Seiko Epson Corporation, Tokyo (IP)
OTHER PUBLICATIONS
_ ‘ o ‘ International Search Report.
(*) Notice: Subject to any disclaimer, the term of this _
patent is extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 0 days. Primary Examiner—David L. Ometz
Assistant Examiner—Gevell Selby
(21)  Appl. No.. 09/744,768 (74) Attorney, Agent, or Firm—Sughrue Mion, PLLC
(22) PCT Filed: Jul. 29, 1999 (57) ARSTRACT
(86) PCT No.: PCT/JP99/04079 The present invention is directed to a monotone conversion
apparatus that it 1s provided with a picture acquisition unit
§ 371 (c)(1), for expressing a picture in picture elements in a dot matrix
(2), (4) Date:  Jan. 30, 2001 form and acquiring picture data representing each picture
clement in gradation of prescribed element colors into which
(87) PCT Pub. No.: WO00/07144 an original color 1s separated. Further, a luminance distri-
bution totaling unit 1s used for totaling the luminance
PCT Pub. Date: Feb. 10, 2000 equivalent of each picture element on the basis of the picture
_ L. . data, where a luminance correspondence setting unit 1s
(30) Foreign Application Priority Data employed to derive a correspondence relationship of lumi-
Jul. 31, 1998  (JP) oo, 10-217539 nance conversion for converting the pertinent luminance
distribution on the basis of the totaled luminance distribu-
(51) Int. CL. tion. Further, present invention contains a picture data
HO4N 9/68 (2006.01) conversion unit which generates monotone picture data
(52) US.ClL ..cveerennne. 348/234; 348/254; 348/671;  where the luminance of each picture element in the picture
358/3.01 data 1s converted on the basis of the derived correspondence
(58) Field of Classification Search ................ 348/234,  relationship of luminance conversion.

348/222.1, 254, 253, 671, 35; 358/3.01
See application file for complete search history.

Al

—

15 Claims, 19 Drawing Sheets

A4

Picture data

R.G, B Picture acquisition
unit

AZ

Luminance distribution
totaling unit

conversion unit

it tmiaiebel eghh il o e W

! Individual color

component LUT
preparing unit

| f- ) )

Luminance
distnibution range
detecting unit

Ymax Ymin I Luminance dist_ﬁbu-
: tion range improving
| T preparing unit

LUTS3

T = A35
integrating unit

o Relative lightness
Hdelatwelhghtnesls Ymed mprovement LUT
etermining unit preparing unit LUT?2

"\

A33 Luminance correspondence setting unit

. By e cPenk' W s S gy e —p—m" W



US 7,027,088 Bl

Page 2
FOREIGN PATENT DOCUMENTS Patent Abstracts of Japan 02081594 Mar. 22, 1990.
TP 67-180668 Q/10%7 Dick Marchessault: Guidelines for using the Sony Mavica
TP 63-151267 6/1988 MVC-EFD7 Dlgltal Camera Apl‘ 1998 XPOO2280999 P. 1
P 2-81594 3/1990 pp 3 “Special Effects” and p. 3 pp 3 “Photo Studio™.
JP 4-188195 7/1992 William K. Pratt: “Digital Image Processing” 1991, John
P 09298673 ¥ 1/1996 Wiley & Sons, Inc, New York, XP002281002; ﬁgures 10.
P 9-298673 1171997 1-1, to 10.1-9, pp. 264-p. 270, p. 269, equation 10.1-1.
ﬁ 1(1)01231%; gﬁggg Ratael C. Gonzales, Richard E. Woods: “Digital Image
‘ ] Processing” 1992, Addison-Wesley Publishing Company,
OTHER PUBLICATIONS New York XP002281003, p. 226-p. 231; figure 4.44.

| L Jim Rich and Sandy Bozeh: “Photoshop 1n Black and Whute,
Patent A‘:)stracts of Japan 63151267 Jun. 23, 1988. >4 Edition”, 19923 Peachpit Press, pBerkeley, CA. USA
Patent Abstracts of Japan 61288662 Dec. 18, 1986. XP002282463, p. 6-p. 26.
Patent Abstracts of Japan 04188195 Jul. 6, 1992. ’

Heico Neumayer: Photoshop 4 fur Windows—Das

Patene Abstracts of Japan 09298673 Nov. 18, 1997. Kompendium, Markt& Technik Buch- und Software Verlag,
Patent Abstracts of Japan 62180668 Aug. 7, 1987. Haar bei Munchen 1997

Patent Abstracts of Japan 10134178 May 22, 1998.
Patent Abstracts of Japan 10063833 Mar. 6, 1998. * cited by examiner




US 7,027,088 B1

Sheet 1 of 19

Apr. 11, 2006

U.S. Patent

a e -

GEVY

--—--_--_-_'—

gty

-minwhlm

- @ eppmln A TR O

SR
pEY yun Buipes souapuodsaliod aoueuun !
m Ley
¢1N1 | qun mc_._mam_m Jun BUILILLIBIRP |
L7 JUatlaA0 AL paw) ssaujybi| aAne|oH _
SS8UIUDI| 8AlelY .
jiun Buneibajul _ W<
LT e
hun buuedsid N7 Iun Buioalap -\ -
einT ——] Buiao.adiL sbuei uoi - abues uonnaguisip |
1107 | -namsip soueujn | YHEA XFEA Y goueunwng |
_ 41PA _
Jun Buiiedald - FAN 10V A 1) 80
1N7 Jusuodwod | jun Buie)o)

10|03 [enplAlpul LoNNQLSIP SoUBUILLINT |

Jun

JIUN UOISIBAUOD
Blep aInjold

uonisinbae aimold

IV

v

g0



U.S. Patent Apr. 11, 2006 Sheet 2 of 19 US 7,027,088 B1

ot
4P
—
—
'
(48
& J
o
| -3
m g———
e~
N/ .
S
e
£ |
e Q)
- <)
—
[
D .
L
4%
LN
P
&
qp
P

11c




U.S. Patent Apr. 11, 2006 Sheet 3 of 19 US 7,027,088 B1

17al
7
11b1
o7

FIG. 3



U.S. Patent Apr. 11, 2006 Sheet 4 of 19 US 7,027,088 B1

11a?2

11b2

17b2

/

FIG. 4



U.S. Patent Apr. 11, 2006 Sheet 5 of 19 US 7,027,088 B1

Input picture data 110
Bring pointer to initial position 120
Comute luminance 125
equivalent Y of noted
picture element
Update frequency distribution 130
ohift pointer 135

Finished for
all picture elements ?

NO

YES

guantity, set luminance

I Analyze characteristic 150
correspondence

I Convert picture data I 160

Fnd

FIG. 5



U.S. Patent Apr. 11, 2006 Sheet 6 of 19 US 7,027,088 B1

(0,0) (0, 1) ceeeme-.

e [0
\___/

3 bytes

FIG. 6

HE

i

E .
height é__,x"

FIG. 7



U.S. Patent Apr. 11, 2006 Sheet 7 of 19 US 7,027,088 B1

Detect l[uminance 210
distribution range
Derive distribution range 215
Improvement parameter

220

Analyze characteristic
guantity, set luminance
correspondence

Prepare distribution range
Improvement
conversion table —» LUT 1

Detect relative lightness 229

Derive relative lightness 230
improvement parameter

235

Prepare relative lightness
Improvement table — LUT 2

Integrate LUT 240
LUTT + LUT2 — LUT3
Prepare LUT for each color 245
component

FIG. 8



U.S. Patent Apr. 11, 2006 Sheet 8 of 19 US 7,027,088 B1

Distribution of
picture element number

. =] — L il ] T -

0 5 250 255 Y

w oW T g e A

0 255
Intput

(b)

FIG. 9



U.S. Patent Apr. 11, 2006 Sheet 9 of 19 US 7,027,088 B1

Distribution of
picture element number

0.5 % 0.5 %
f% ',I:..
0 A Y o955 Y
Ymin Ymax
(a)

FIG. 10



US 7,027,088 B1

Sheet 10 of 19

Apr. 11, 2006

U.S. Patent

Jagquwinu juawala ainjold
JO uoiInqulsi(

(a)

Jaquunu juswiala ainjald
JO uonnquist(

(b)

1

<

ry > 1

(c)

FIG. 11



U.S. Patent Apr. 11, 2006 Sheet 11 of 19 US 7,027,088 B1

Ymed target-Ymed




U.S. Patent Apr. 11, 2006 Sheet 12 of 19 US 7,027,088 B1

' Integrate LUT '

339
=S

YES

Return

FIG. 13



US 7,027,088 B1

Sheet 13 of 19

Apr. 11, 2006

U.S. Patent

e

- W ER AR eSS ER e R s W o Mas wm oy e

lllllllllllllllllll

-

af Er sk B S B B Sy g B A W S B W B B e e s - S S B B owWE B

el i S B A A D e e am By v o an oy ok B A o e o i W BU O EEm AR AW

-8

& s ol el Eeas TR R R S

C B E:E LY E E E N BN W N O B B IR

FIG. 14



U.S. Patent Apr. 11, 2006 Sheet 14 of 19 US 7,027,088 B1

‘ Integrate LUT for coloring '

Acquire coloring instruction

parameter —CL 410
| i=o  [ew
Prepare red component LUT A20

LUT4AR (i) =LUT_R(CL, LUT3 (i) )

Prepare green component LUT 4925
LUT46 (i) =LUT_G (CL, LUT3 (i))

Prepare blue component LUT
LUT4B (i) =LUT B(CL, LUT3(i))

430

439

' 440
< S

YES

FIG. 15



U.S. Patent Apr. 11, 2006 Sheet 15 of 19 US 7,027,088 B1

(b)

FIG. 16



US 7,027,088 B1

Sheet 16 of 19

Apr. 11, 2006

U.S. Patent

-

A R I = N & aph sk ¥ B RA K FEE @& =5 B g dm e

o101l

AP 101

—
S

R A ek i W RS e R B M

-

o g koA A m gy Bom e o E E e e e s

FIG. 17



U.S. Patent Apr. 11, 2006 Sheet 17 of 19 US 7,027,088 B1

Convert picture data

Bring pointer to 510

initial position

Compute luminance equivalent :' 0195
RGB of noted picture element =Y|

Derive red component 020

R' = LUT 4R (Y)
Derive green component 025

G' = LUT 4G (Y)

Derive blue component 030

B' =LUT 4B (Y)
Qutput retouched picture data 939

RIGIBI

Shift pointer 240

045

_Finished
for all picture

elements ?

NO

YES

Return

FIG. 18



U.S. Patent Apr. 11, 2006 Sheet 18 of 19 US 7,027,088 B1

(a)

FIG. 19



US 7,027,088 B1

Sheet 19 of 19

Apr. 11, 2006

U.S. Patent

(b)
FIG. 20



US 7,027,088 Bl

1

COLOR TO MONOTONE CONVERSION
APPARATUS, COLOR TO MONOTONE
CONVERSION METHOD AND A MEDIUM
RECORDING THEREON A COLOR TO
MONOTONE CONVERSION PROGRAM

TECHNICAL FIELD

The present invention relates to a monotone conversion
apparatus, a monotone conversion method and a medium
recording thereon a monotone conversion program for con-
verting color pictures into monotone pictures.

BACKGROUND ART

Recent years have seen rapidly spreading use of digital
still cameras. Photography using a digital still camera
enables the pictures taken to be managed in a digital data
form and facilitates picture processing. For instance, a color
picture can be easily converted into a monotone picture in
black and white or sepia.

According to the prior art, such conversion into monotone
1s accomplished by mere replacement with monotonized
data while keeping the luminance of each picture element 1n
a dot matrix.

DISCLOSURE OF THE INVENTION

Conventional monotone conversion apparatuses referred
to above mvolve the problem that, i1 the original luminance
distribution 1s inappropnate, 1t will be converted as 1t 1s
because there 1s little concern about the quality of monotone
pictures resulting from conversion.

The present imnvention, attempted 1n view of this problem,
1s intended to provide a monotone conversion apparatus, a
monotone conversion method and a medium recording
thereon a monotone conversion program capable of enhanc-
ing picture quality 1n monotone conversion.

In order to achieve the above-stated object, a configura-
tion according to claim 1 of the imvention i1s provided with
a picture acquisition unit for expressing a picture in picture
clements 1n a dot matrix form and acquiring picture data
representing each picture element 1n gradation of prescribed
clement colors mto which an original color 1s separated; a
luminance distribution totaling unit for totaling the lumi-
nance equivalent of each picture element on the basis of
these picture data; a luminance correspondence setting unit
for deriving a correspondence relationship of luminance
conversion for converting that luminance distribution on the
basis of the totaled luminance distribution; and a picture data
conversion unit for generating monotone picture data in
which the luminance of each picture element in the picture
data 1s converted on the basis of this derived correspondence
relationship of luminance conversion.

In this configuration according to claim 1 of the invention,
when the picture acquisition unit expresses a picture in
picture elements 1n a dot matrix form and acquires picture
data representing each picture element 1n gradation of pre-
scribed element colors into which an original color 1s
separated, the luminance distribution totaling unit totals the
luminance equivalent of each picture element on the basis of
these picture data, and the luminance correspondence setting,
unit dertves a correspondence relationship of luminance
conversion for converting that luminance distribution on the
basis of the totaled luminance distribution, with the result
that the picture data conversion unit generates monotone
picture data in which the luminance of each picture element
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in the picture data 1s converted on the basis of this derived
correspondence relationship of luminance conversion.

Thus the distribution of the luminance equivalents (1.e.
luminance values or substantial, 11 not exact, equivalents to
luminance values) of individual picture elements constitut-
ing a picture 1s determined and, 11 there 1s room for improv-
ing this luminance distribution, a correspondence relation-
ship of luminance conversion 1s derived, and a monotone
picture 1n which the luminance of each picture element 1s
converted 1s generated. More specifically, conversion 1s so
accomplished that the color of each picture element become
monotone while keeping the luminance of a certain picture
clement at an appropriate luminance value.

Monotone conversion of picture data 1s utilized 1n many
different fields. For instance, there 1s available a way of
monotone conversion as an option where a digital picture 1s
entered into photo-retouching software of a computer and
subjected to desired filtering on that software. Or some
digital still cameras have a bult-in monotone conversion
function for photographing 1n sepia. Therefore, the picture
acquisition unit may be any appropriate device that can
acquire color picture data, but not limited to a specific
pickup element such as a CCD, an external device such as
a scanner, or may be what merely supplies picture data such
as a data line. Furthermore, where picture data are available
in a state where they are developed on a memory, their use
corresponds to picture data acquisition at the time of reading
them out of the memory.

Monotone 1n this context 1s not limited to black and whaite,
but 1f only one color used 1n different tones 1t constitutes
monotone. As one example of monotone conversion, accord-
ing to claim 2 of the present invention, the monotone
conversion apparatus according to claim 1 of the mvention
has a configuration for 1ts luminance correspondence setting
unit in which a correspondence relationship for converting
the luminance distribution 1n luminance equivalent terms 1s
set and a correspondence relationship after the luminance
conversion 1s set to adjust relative proportions among ele-
ment colors to prescribed values.

In the above-described configuration according to claim 2
of the mvention, the relative proportions among element
colors are set to prescribed values after the conversion of the
luminance distribution in luminance equivalent terms. Thus,
because the element colors 1n monotone picture data are in
prescribed relative proportions, the monotone picture data
are colored 1n sepia or the like.

It has to be noted, however, that 11 the proportions of the
clement colors are equal, the picture data will be 1n black and
white, because expressing black and white 1n a plurality of
clement colors results 1n nothing but assigning identical tone
levels to different components.

Incidentally, mn deriving a correspondence relationship, it
1s troublesome to seek for the optimal tone level individually
for each tone level. Therefore, 1t 1s preferable to prepare a
conversion table on the basis of a tone curve collectively
determining the correspondence relationship, and convert
the original luminance to the retouched luminance by uti-
lizing this conversion table. Of course, this tone curve
represents a correspondence relationship based on a lumi-
nance distribution. If, for instance, a determined luminance
distribution indicates dispersion in a generally dark region,
the distribution should be shifted toward a generally light
side. Suppose that 1n this shifting a tone curve which 1s
unmiquely determined by a certain parameter, such as a v
curve, 1s used, and only this parameter 1s determined. This
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results in determination by the tone curve of a converted
value matching each tone level, irrespectively of the range
of tone levels.

To add, the tone curve need not be always convex or
concave 1n one direction alone, but may be S-shaped, or can
be altered as appropnate.

Setting the relative proportions of element colors to
prescribed values, too, can be realized in many diflerent
ways, but the proportions need not be constant for all the
tone levels. For example, according to claim 3 of the present
invention, the monotone conversion apparatus according to
claim 2 of the invention has a configuration for its luminance
correspondence setting unit in which, in setting the relative
proportions among element colors to prescribed values after
the luminance conversion, the distribution i1s converted
smoothly for all the tone levels while achieving constant
relative proportions at a certain luminance value by utilizing
a tone curve.

If the proportions are to be constant for all the tone levels,
it will be possible where the luminance value 1s close to “07,
but rather diflicult where the tone level 1s close to the peak
level. Therelore, this problem 1s solved by using such a tone
curve as causes the differences to converge toward the end
side while realizing a typical proportion at a certain lumi-
nance value and converting the proportions smoothly for all
the tone levels.

As another example of technique to generate monotone,
according to claim 4 of the present invention, the monotone
conversion apparatus according to claam 2 or 3 of the
invention has a configuration for its luminance correspon-
dence setting unit 1n which a correspondence relationship 1s
set for collectively performing conversion of the luminance
distribution 1n luminance equivalent terms and conversion,
alter the luminance conversion, to adjust the relative pro-
portions to prescribed values.

Adjusting the relative proportions among element colors
ultimately to prescribed values while luminance 1s adjusted
to an appropriate level can as well be accomplished 1n a
two-step process of once carrying out luminance conversion
conceptually in black and white by deriving a correspon-

dence relationship of monotone conversion in terms of

relative luminance values, and converting the relative pro-
portions of element colors 1n a state 1n which black and
white luminance values have been converted. However,
since the variety of tone levels 1s limited, it 1s also possible
to realize a two-stage correspondence relationship at a single
step by obtaiming in advance the result of two-stage corre-
spondence matching.

As an example of such setting of a correspondence
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spondence relationships of the aforementioned luminance
conversion are individually derived from the totaled lumi-
nance distribution on the basis of a plurality of elements, and
then an integrated correspondence relationship to adapt the
individual correspondence relationships successively 1s to
be derived, a conversion table representing an integrated
correspondence relationship 1s generated. For example, a
correspondence relationship to improve contrast and a cor-
respondence relationship to improve lightness do not
exclude each other, but an integrated correspondence rela-
tionship 1s derived to realize both these correspondence
relationships.

In this case, conversion tables of individual correspon-
dence relationships are generated first, and these conversion
tables are integrated to generate an integrated conversion
table. Thus, a value for which one conversion table 1s
referenced 1s utilized to reference the next conversion table,
the referenced value 1s matched to the first value and so
forth. Of course, the conversion tables to be referenced need
not be only two, but any desired number of conversion tables
can be integrated.

Incidentally, where the luminance of each picture element
in color picture data 1s to be determined, it 1s often diflicult
to determine the luminance value 1n the strict sense. Thus, 1t
the coordinate system used by the picture data employs no
parameter for single luminance values, the coordinate sys-
tem should be converted, but often there 1s no strict linear
correspondence relationship between different coordinate
systems. In such a case, trying to find out the correspondence
relationship by computation would involve a great volume
of computation, or using conversion tables of correspon-
dence relationships dernved in advance might require
extremely massive tables, depending on the number of
reproducible colors.

However, what 1s to be used 1s the result of luminance
distribution totaling, but exact luminance values are not
always required. For this reason, the arrangement may be
such that luminance values be derived from the tone levels
of different element colors by linear conversion and lumi-
nance distribution be determined so that the atlorementioned
luminance distribution totaling unit be required to accom-
plish only relatively simple processing instead of strict
luminance conversion. Incidentally, linear conversion 1n this
context can be interpreted 1n a broad sense. Except where,
for instance, no derivation 1s possible without referencing a
table or heavy load operation by non-linear computation 1s
required, 1t 1s suflicient for simplified computation to
achieve the purpose.

Furthermore, the significance consists 1 that the lumi-
nance distribution 1s first determined and steps are taken to
improve 1t, but there 1s no particular limitation regarding
specific aspects of improvement. As an example to 1llustrate
this point, according to claim 6 of the present invention, the
monotone conversion apparatus according to any of claims
1 through 5 of the invention has a configuration for its
luminance correspondence setting unit 1n which, with the
extent from the maximum to the minimum luminance values
derived from the aforementioned luminance distribution
being regarded as the range of contrast, a correspondence
relationship 1s derived to accomplish conversion from the
original luminance to a retouched luminance to give the
range of contrast an appropriate width.

In the above described configuration according to claim 6
of the invention, the extent from the maximum to the
minimum luminance values derived from the luminance
distribution 1s regarded as the range of contrast. Where this
extent from the maximum to the minimum luminance values
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1s narrow, the available range of contrast 1s not eflfectively
utilized. For this reason, by driving such a correspondence
relationship as will expand the range of contrast, conversion
from the original luminance to the retouched luminance
would expand the range of contrast. Incidentally, the reverse
can be true theoretically.

As another example, according to claim 7 of the present
invention, the monotone conversion apparatus according to
any of claims 1 through 6 of the invention has a configu-
ration for 1its luminance correspondence setting umt in
which, 1f the lightness of the picture derived from the
aforementioned luminance distribution 1s not within an
appropriate range, a correspondence relationship 1s derived
to accomplish conversion from the original luminance to a
retouched luminance to give the luminance distribution an
appropriate overall distribution.

In the above-described configuration according to claim 7
of the invention, the lightness of the picture 1s judged from
the aforementioned luminance distribution. Thus, i1f the
luminance distribution shows a pattern of concentration 1n
the light area, the picture can be judged to be too light or, 1T
it shows one of concentration in the dark area, it can be
judged to be too dark. Therefore, the lightness of the picture
can be adjusted by minimizing concentration 1n either way,
and to make this possible such a correspondence relationship
as will give an appropriate overall luminance distribution 1s
derived. For instance, such a correspondence relationship 1s
derived as will shiit the peak in frequency distribution, 11 1t
1s leaning toward the dark area, toward the middle of all the
tone levels or, conversely, 1t the peak 1s leaning toward the
light area, similarly toward the middle of all the tone levels.

It can be readily understood that a technique to convert
luminance values by deriving a correspondence relationship
of luminance conversion if there 1s room for improvement of
the luminance distribution 1s not confined to a substantive
apparatus, but can also function as a method therefor. Thus,
there 1s no doubt that not only a substantive apparatus but
also a method therefore can prove eflective.

Furthermore, such a monotone conversion apparatus may
either function by itself or be usefully built into some other
apparatus. Thus, the i1dea underlying the invention 1s not
limited to the foregoing modes of implementation but covers
many others. Therefore it may be matenialized 1n either
software or hardware, and can be altered between them as
appropriate.

It goes without saying that, where the 1dea underlying the
invention 1s materialized as software for a monotone con-
version apparatus, 1t can obviously be present on a recording,
medium on which the software 1s recorded and used as such.

Of course, the recording medium may be a magnetic
recording medium or a photomagnetic recording medium, or
exactly the same will apply to any appropriate recording
medium that may be developed in the future. There 1s no
doubt whatsoever that the same 1s true of any stage of
copying, primary, secondary and so forth. Where a commu-
nication line 1s used as a means of supply, there 1s no
difference 1n that the invention 1s utilized.

Furthermore, even where one part 1s realized in software
and another 1n hardware, there 1s no diflerence whatsoever
in the 1dea underlying the invention, and a mode wherein
part 1s stored on a recording medium and approprately read
in as required also 1s acceptable. Further, 1t goes without
saying that the invention 1s realized 1n the pertinent program
itsellf.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a claiam-matched schematic diagram 1llustrating,
a monotone conversion apparatus 1 a mode for carrying out
the 1nvention.
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FIG. 2 1s a block diagram of hardware to maternialize the
monotone conversion apparatus.

FIG. 3 1s a schematic block diagram 1llustrating a mono-
tone conversion apparatus according to the invention in
another mode.

FIG. 4 1s a schematic block diagram 1llustrating a mono-
tone conversion apparatus according to the invention in still
another mode.

FIG. 5 1s a flowchart of the main software in the monotone
conversion apparatus according to the invention.

FIG. 6 1llustrates the configuration of a picture data file.

FIG. 7 1llustrates how the picture element to be processed
1s shifted.

FIG. 8 1s a flowchart of processing to analyze character-
1stic quantities and to set luminance correspondence rela-
tionship.

FIG. 9(a) shows the luminance distribution and FIG. 9(b),
the conversion relationship, where the luminance distribu-
tion needs to be expanded.

FIG. 10(a) shows the end processing of the luminance
distribution and FIG. 10(5), the conversion table for use 1n
expanding the luminance distribution.

FIG. 11(a) shows the concept of lightening, FIG. 11(5),
that of darkeming, both by v correction, and FIG. 11(c), its
technique.

FIG. 12 1s a table showing the correspondence relation-
ship between the assessed lightness level and v.

FIG. 13 1s a flowchart of processing for LUT integration.

FIG. 14 1llustrates the process of LUT 1ntegration.

FIG. 15 1s a flowchart of the processing of LUT integra-
tion for coloring.

FIG. 16(a) 1s a graph showing the correspondence rela-
tionship to so determine the proportions of different com-
ponents as to be constant, and FIG. 16(b), a graph of the
correspondence relationship to so determine the proportions
of different components as to be constant at the optimal tone
level, both for coloring 1n monotone.

FIG. 17 illustrates the process of LUT integration for
coloring.

FIG. 18 1s a flowchart of picture data conversion process-
ng.

FIG. 19(a) illustrates a ball, which 1s the subject, and FIG.
19(b), 1ts color picture.

FIG. 20(a) 1s a picture monotonized 1n the conventional
manner, and FIG. 20(5), a picture monotonized according to
the present invention.

BEST MODES FOR CARRYING OU'T THE
INVENTION

Some of the best modes for carrying out the present
invention will be described below with reference to the
accompanying drawings.

FIG. 1 1s a claim-matched schematic diagram illustrating
a monotone conversion apparatus 1n a mode for carrying out
the mnvention, and FIG. 2 1s a block diagram of a computer
system 10, which 1s one example of hardware to materialize
the monotone conversion apparatus. First, this computer
system 10 will be described.

This computer system 10 1s provided with a scanner 11a,
a digital still camera 115 and a video camera 11c¢ as picture
input devices for directly entering picture data, and they are
connected to a computer 12. Each mput device can generate
picture data expressing a picture 1n picture elements 1n a dot
matrix form and supply them to the computer 12. Here the
picture data can express about 16.7 million colors by dis-
playing each of the three primary colors RGB 1n 256 tones.
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Various formats of picture data are available, including a
compressed JPEG format or a non-compressed BMP format.

To the computer 12 are connected a tloppy disk drive 13a,
a hard disk 136 and a CD-ROM drive 13¢ as external
auxiliary memory units. The hard disk 136 stores main
system-related programs, and other programs are read 1n as
required from a floppy disk or a CD-ROM and can be
recorded on the hard disk 135.

Also, a modem 14a 1s connected as a communication
device for connecting the computer 12 to an external net-
work, so that the computer 12 can be connected to an
external network via a public communication line to down-
load software and data. Although in this example the modem
14a 1s supposed to access an external source via a telephone
line, a configuration to let 1t access a network via a LAN
adapter 1s also conceivable.

Of these external auxiliary memory units, the floppy disk
drive 13q and the CD-ROM drive 13¢ permit replacement of
the recording medium itself, and the supply of picture data
as recorded on this recording medium can be a way of
picture mputting. When a network 1s accepted via the
modem 14a or the LAN adapter, picture data may be
supplied via this network, and this can be another way of
picture inputting.

Besides these 1tems, a keyboard 15aq and a mouse 1355 as
a pointing device are also connected for operating the
computer 12, which 1s also provided with a loudspeaker 18a
and a microphone 186 to serve multimedia purposes.

In addition, a display unit 17a and a color printer 175 are
provided as picture output devices. The display unit 17a has
a display area of 800 picture elements in the horizontal
direction and 600 picture elements 1n the vertical direction,
and each picture element can display 16.7 million colors as
stated above. Of course, this level of resolution 1s only an
example, but can be altered as appropriate to 640x480
picture elements, 1024x768 picture elements or the like.

The color printer 175 as the printing device 1s an 1nk jet
printer, which can print a picture on a sheet of paper, which
1s the recording medium, by attaching dots in four colors of
CMYK. The printed picture can be as dense as 360x360 dpi1
or 720x720 dp1, and 1ts gradation 1s 1n two tones of whether
the 1nk of each color 1s applied or not. The inks can be 1n six
colors, 1nstead of four, by adding two less dark colors, light
cyan and light magenta, to make the dots less conspicuous.
The 1k jet system can be replaced by electrostatic photog-
raphy using color toners.

Meanwhile, since a picture 1s displayed or fed to such a
picture output device while using such a picture iput device
to enter a picture, prescribed programs are executed within
the computer 12. Of these programs, what serves as the basic
program 1s an operating system (OS) 12q, into which a
display driver (DSP DRV) 125 for causing the display unit
17a to give a display and a printer driver (PRT DRV) 12¢ for
causing the color printer 1756 to give a print output are
incorporated. The choice of these drnivers 126 and 12c¢
depends on the types of the display 17a and the color printer
175, and they can be added to the OS 124 according to the
type of each such output device. It 1s further possible to
realize additional functions beyond standard processing,
depending on the type of equipment. Thus, while maintain-
ing the common standard processing system with the OS
12a, various kinds of additional processing can be realized
within permissible limaits.

Of course, the execution of such programs presupposes
that the computer 12 1s provided with a CPU 12¢, a RAM
12/, a ROM 12¢g and an I/O unit 12/4. The CPU 12¢ executing
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the ROM 12g as appropriate while using the RAM 12f as a
temporary work area or a setting storage areca or as a
program area, and controls external and internal umts con-
nected to the CPU 123 via the I/O unit 124.

An application 124 1s executed on this OS 12q as the basic
program. The contents of processing by the application 124
can be diverse, including the monitoring of the operation of
the keyboard 154 and the mouse 1556 as operating devices,
the execution, when they are operated, of the corresponding
arithmetic processing by appropriately controlling various
external units, and the displaying of the result of processing
on the display unit 17a or the supplying of the result to the
color printer 175.

This computer system 10 can acquire picture data photo-
graphed with the digital still camera 115 and moving picture
data picked up with the video camera 11c¢ besides picture
data resulting from the scanning of a photograph or the like
with the scanner 11a, which 1s one of the picture input
devices. Various picture data photographed 1n advance are
often available as recorded on a CD-ROM.

Today, the supply of such picture data 1n color 1s almost
taken for granted, but 1t 1s not rare either to monotonize color
picture data to enjoy the expressiveness of monotone pic-
tures 1n their own way. Since previously available printing
devices could provide only black-and-white prints with
black ink, monotonization of color picture data was taken for
granted, but, with the improvement in the reproducibility of
the color printer 175, printing of monotone pictures 1n some
other color than black, such as sepia, besides black-and-
white printing has become a common practice.

Such a computer system 10 can accept picture data picked
up with the digital still camera 115 or the like into the
computer 12, subject them to necessary picture processing,
and print them with the color printer 175. In this case, 1t 1s
also possible for the computer 12 to actuate a prescribed
application 124 and directly accept, as the object of printing,
picture data picked up with the digital still camera 115 or
picture data already stored on an external memory unit, such
as the hard disk 135. Therefore, such a sequence of pro-
cessing constitutes a picture acquisition unit A1 shown 1n
FIG. 1.

On the other hand, the application 126 can either supply
these picture data directly to the printer driver 12¢ to be
printed or execute picture processing on them. According to
the invention, luminance equivalents of picture data (1n this
mode of implementation, the level s of luminance 1n 1ts strict
sense are not handled, but luminance equivalents, which can
be considered the same as luminance values for the current
purpose, are treated as luminance values) to identify the
characteristics of a given picture. In this process, 1f satis-
factory picture quality cannot be achieved by merely
monotonizing the picture 1 a usual way, the policy for
retouching the luminance values on the basis of the identi-
fied characteristics 1s determined. Therefore, this processing
constitutes a luminance distribution totaling umt A2 and a
luminance correspondence setting unit A3.

Of course, 1f such a policy for retouching has been
decided upon, picture data are retouched 1n accordance with
the pertinent criteria, and then supplied to the printer driver
12¢ for printing. Therefore, this processing for retouching
constitutes a picture data conversion unit A4,

Thus, the picture acquisition unit A1 shown in FIG. 1
realizes processing to acquire picture data having tone level
data for each element color. On the basis of these picture
data, the picture acquisition unit A1l computes luminance
equivalents v 1n a simplified manner, and causes the lumi-
nance distribution totaling unit A2 to total them. The lumi-
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nance distribution totaling unit A2, in order to become able
to know the trend of luminance distribution, totals the
frequency distribution DB of luminance equivalents. Of
course, 1t 1s possible to realize a total other than frequency
distribution, the frequency distribution DB 1s selected here
by reason of the simplicity of processing.

Whereas the luminance correspondence setting unit A3
sets such a luminance correspondence relationship that the
optimal picture can be obtained when expressed 1 mono-
tone on the basis of the frequency distribution DB, internally
it performs multi-stage processing. First, the luminance
distribution range detecting unit A31 determines the maxi-
mum luminance Ymax and the minimum luminance Ymin in
the frequency distribution DB, and the luminance distribu-
tion range Ydif based on them. Utilizing these luminance
data, a luminance distribution range improving LUT pre-
paring unit A32 generates a conversion table LUT1 1ndicat-
ing a relationship of correspondence to improve the lumi-
nance distribution range. On the other hand, the frequency
distribution DB 1s also referenced by a relative lightness
determining unit A33, which determines a median Ymed as
a representative value of the relative lightness of the picture,
and a relative lightness improvement LUT preparing unit
A34 generates a conversion table LUT2 indicating a rela-
tionship of correspondence to improve the lightness of the
picture.

The luminance distribution range improving LUT prepar-
ing unit A32 and the relative lightness improvement LUT
preparing unit A34 generates relationships of correspon-
dence to improve luminance distribution from their respec-
tive points of view. It 1s of course possible to improve 1t
individually, but, because improvement utilizing a conver-
sion table permits ready integration, a LUT integrating unit
A35 generates a conversion table LUT3 integrating them.

Although this LUT3 can anyhow improve the luminance
equivalent y, sepia or some color 1s preferred 1n monotone
conversion and, even where black and white are used, there
1s no difference 1n the need to express the picture 1n different
tone levels of the element color. Therefore, an individual
color component LUT preparing unit A36 generates con-
version tables LUT4R, LUT4G and LUT4B which cause
direct conversion from the luminance equivalent v to tone
levels of each element color.

The picture data conversion umt A4 either obtains lumi-
nance equivalents y on the basis of the original picture data
RGB or references these LUT4R, LUT4G and LUT4B on
the basis of luminance equivalents y generated by the picture
acquisition unit Al, and supplies the findings of reference as
converted picture data R', G' and B'. Of course, these
LUT4R, LUT4G and LUT4B contain the element of color-
ing along with the improvement of luminance distribution 1n
two aspects including contrast and lightness, and the result
of collective conversion of all these factors 1s obtained.

Now, specific processing by the computer system 10 to
realize these by utilizing software will be described below 1n
more detail. Incidentally, such software 1s stored on the hard
disk 135, and read into the computer 12 to be operated. At
the time of introduction, it 1s installed on a medium such as
a CD-ROM 13c¢-1 or a floppy disk 13a-1 for installation.
Therefore, any such medium constitutes a medium recording
thereon a monotone conversion program. It goes without
saying that such processing in a time series constitutes a
monotone conversion method.

Although the monotone conversion apparatus 1s realized
with the computer system 10 1n this embodiment, such a
computer system 1s not indispensable, but any system that
can appropriately handle picture data and generate mono-
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tone pictures would suflice. For instance, a digital still
camera 11561 shown in FIG. 3 has a function to generate
monotone pictures, and can be applied to cases where a
monotonized picture 1s to be displayed on a display umnit
17a1 or to be printed by a printer 1751.

Further, as illustrated 1n FIG. 4, a printer 17562 can be
connected without having a computer system in-between,
and color picture data entered via a scanner 1142, a digital
still camera 11562 or a modem 1442 can be monotonized and
printed. Such a printer 17562 1s now Irequently used as a
video printer, connected to a television set or a video cassette
recorder for family use, for printing video scenes as hard
copies. In such a case the mmvention can be applied by using
the function to monotonize the scenes 1n sepia or some other
mono-color mstead of printing them 1n color as they are.

FIG. 5 shows the controls, represented 1n blocks, by the
main picture processing soltware in the monotone conver-
s1on apparatus according to the invention.

At step 110, picture data are entered. The picture data are
read 1n via the OS 12q, and stored 1n a prescribed work area.
The picture data 1n themselves constitute a file and, as shown
in FIG. 6, are provided in 1ts leading part profile data
including the picture size and the number of colors, followed
by as many three-byte areas as the number of picture
clements to express individual picture elements 1n 256 RGB
tones. Incidentally, the picture data may be read in either
from a picture mput device or out of what are already stored
on the hard disk 135 as a picture data file.

After the picture data have been read into the work area,
while the picture element to be processed 1s shifted at step
120 through step 140 as illustrated in FI1G. 7, picture data on
that picture element are processed to perform luminance
totaling. Whereas totaling could be performed for various
purposes, 1n this mode of implementing the mmvention it 1s
carried out to obtain characteristic quantities of “contrast™
and “relative lightness.” After totaling 1s completed for all
the picture elements, an improving technique to make the
luminance distribution appropriate 1s set at step 150 while
analyzing the characteristic quantities on the basis of the
result of totaling. These totaling processes will be focused
upon 1n the following description. A flowchart of this
processing to analyze characteristic quantities to set the
luminance correspondence relationship 1s shown 1n FIG. 8.

The contrast indicates the overall luminance range of a
picture, and where the contrast 1s perceived to be 1nappro-
priate, there 1s mainly a desire to expand the range of
contrast. A histogram totaling the distributions of luminance
equivalents 1n different picture elements of a given picture 1s
shown 1n FIG. 9(a) 1n a solid line. In taking up the distri-
bution represented by the solid line, there 1s little difference
between the luminance of lighter picture elements and that
of darker picture elements, but if the luminance distribution
1s expanded as represented by a one-dot chain line, the
difference between the luminance of lighter picture elements
and that of darker picture elements will be widened, and the
range ol contrast will also be widened. Here FIG. 9(b)
illustrates luminance conversion to expand the range of
contrast. If conversion 1s accomplished 1n a relationship of:

Y=ay+b

where v 1s the pre-conversion luminance and Y, the post-
conversion luminance, 1f the diflerence 1n a picture element
between 1ts maximum luminance Ymax and minimum lumi-
nance Ymin before conversion 1s a>1, the difference will
become greater after conversion, resulting i a widened
luminance distribution as 1llustrated 1n FI1G. 9(a). Therefore,
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it 1s necessary, 1n order to prepare such a histogram, to total
the differences between the highest luminance and the
lowest luminance as the range of contrast. In this case,
however, 1t 1s nothing more than luminance conversion, and
if the picture data had luminance as one of their elements, 5
direct totaling would be possible, but, as stated above, the
picture data are expressed 1 256 RGB tones, and accord-
ingly have no luminance values as such. There 1s a need, 1n
order to determine luminance values, to perform color
conversion into the Luv system of color specification, but 10
this 1s not a clever way in view of the quantity of compu-
tation mvolved among other factors. Therefore, the follow-
ing conversion formula, which 1s used 1n television and the
like to directly obtain luminance values from RGB, 1s used:

y=0.30R+0.59G+0.11B =

As there 1s no need to determine the luminance so strictly,
the following formula may be used alternatively:

Y=(R+G+5)/3 0

Or, 1n view of the difference in weight among the compo-

nents, the G component alone may be used for approxima-
tion:

y=Q 25

Of course, such an approximation of luminance 1s the
luminance equivalent 1n actual practice, simplified compu-
tation would contribute to reducing the load of computation
and make possible higher speed computation. 30

From step 120 through step 140, the three bytes of picture
data of each of the picture elements are read in while the
picture element to be processed 1s being shifted, and a
luminance y 1s computed on the basis of that formula. In this
case, the luminance y 1s also supposed to be expressed 1n 256 35
tone levels, and the frequency for the computed luminance
y 1s added one at a time.

Thus, at step 120, 1n order to scan and process the picture,

a pointer indicating the picture element to be processed 1s set

in 1ts 1nitial position, and looped processing 1s repeated 40
while shifting the pointer at step 133 until it 1s judged at step
140 that the processing has been finished for all the picture
clements. What are executed for each individual picture
clement are the computation of the luminance equivalent of
the noted picture element at step 1235 and the updating of the 45
frequency distribution at step 130. As a variable DB(Y)
representing the number of picture elements of the same
luminance equivalent 1s incremeted by “1” at a time while
computing the luminance equivalent (Y) of every picture
clement, the frequency distribution (histogram) of lumi- sg
nance equivalents 1s obtained by the time the processing 1s
finished for all the picture elements.

Incidentally, conversion ito black and white, which
requires no coloring, can utilize this luminance, and 1t can be
realizing by matching the value of each component of RGB 55
with the obtained tone levels of luminance.

These step 120 through step 140 to determine the histo-
gram of the luminance distribution constitute the processing
of luminance distribution totaling, and a luminance corre-
spondence relationship 1s set while analyzing characteristic 60
quantities on the basis of this histogram in the flowcharted
in FIG. 8.

First at step 210, the two ends of the luminance distribu-
tion are determined. The luminance distribution of a pho-
tographic picture presents 1tself 1n a generally convex shape 65
as 1llustrated mm FIG. 10(a). Of course, the position and
detailed shape of the convex are varied. Whereas the lumi-

12

nance distribution range depends on the positioning of the
two ends ol the convex curve, the two ends cannot be
positioned simply where the skirt extends to points where
the distribution count 1s “0”. In the skart part, the distribution
count may change near “0” and, statistically viewed, does
vary while approaching “0” infinitely.

For this reason, parts mnward by a certain ratio of distri-
bution each from the peak and bottom sides of luminance in
the distribution range are selected as the two ends of
distribution. In this embodiment, as 1llustrated in FI1G. 10(a),
this ratio of distribution 1s set to be 0.5%. Of course, this
ratio can be altered as appropriate. By cutting ofl the upper
and lower ends by a certain ratio of distribution 1n this way,
it 1s made possible to white and black dots attributable to
noise. Thus, without such disposal, any single white and
black dot would make 1t one of the two ends of luminance
distribution. If the luminance values are in 255 tones, 1n
many cases the bottom will be a tone level “0” and the peak,
a tone level “235”. If a point inward from the real peak by
0.5% of the number of picture elements 1s supposed to be the
upper end, this awkwardness can be eliminated. Then, 0.5%
of the number of picture elements 1s computed on the basis
of the actually obtained histogram, the respective numbers
of distributed elements are accumulated successively inward
from the upper end luminance value and the lower end
luminance value 1n the reproducible luminance distribution,
and the luminance values having arrived at 0.5% are the
maximum luminance Ymax and the minimum luminance
Ymin, respectively.

The luminance distribution range Ydif i1s the difference
between the maximum luminance Ymax and the minimum
luminance Ymin:

Ydif=Ymax-¥Ymin

On the other hand, the luminance distribution range Ydif
1s a characteristic quantity analyzed on the basis of the
picture data, and processing at step 215 derives improve-
ment parameters on the basis of this characteristic quantity
to set a luminance correspondence relationship. Processing
for contrast expansion on the basis of the luminance distri-
bution range Ydif may be determination of an inclination a
and an oflset b according to the luminance distribution. If,
for 1nstance, the following i1s supposed:

a=255/(¥Ymax-¥Ymin)
b=a-Ymin or 255-a-Ymax

A narrow luminance distribution range can be expanded to
a reproducible range. However, 1f luminance distribution
expansion 1s attempted by utilizing the reproducible range to
the maximum, the highlight part may become blurred in
white or the darkest shadow part may become smeared out
in black. This can be prevented by leaving about “5” each 1n
luminance value as upper and lower end areas to which the
expansion of the reproducible range 1s not allowed to reach.
As a result, the parameters of the conversion formulas will
read as follows:

a=245/(Ymax—Ymin)
b=5—a-Ymin or 250-a-¥Ymax

It 1s recommendable 1n this case not to perform conversion
in the ranges of Y<Ymin and Y>Ymax.

In carrying out such conversion, there 1s no need to
perform computation every time. If the luminance range 1s
to be from “0” through “2355, the conversion result can be
predetermined for each luminance value to prepare a con-
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version table 1n advance as illustrated i FIG. 10(5). This
conversion table, synonymous 1n substance to a luminance
distribution range improving tone curve, 1s prepared at step

220. Incidentally, the conversion table prepared here will be
referred to as LUTI. 5

Where a monotone picture 1s to be obtained simply in
black and white, the conversion results Y in this conversion

table can be used to replace pre-conversion picture data (R0,
G0, B0) with converted picture data (Y1, Y1, Y1).

Thus, the above-described processing to determine the 1©
maximum luminance Ymax and the minimum luminance
Ymin corresponds to the analysis of characteristic quantities
at step 150, and the processing to prepare the conversion
table by obtaining the parameters a and b of the conversion
formulas while computing the luminance distribution range !°
Ydif from these determined values corresponds to the setting,
of the luminance correspondence relationship. And 1f this 1s
all the processing needed to set the correspondence relation-
ship, picture data conversion processing at step 160 will be
accomplished by designating such a conversion table and <Y
generating converted picture data (R1 (=Y1), G1(=Y1),
B1 (=Y1)) from pre-conversion picture data (R0, G0, B0).

Further, the processing to detect the luminance distribu-
tion range at step 210 corresponds to the luminance distri-
bution range detecting unit A31 shown in FIG. 1, and the
processing to derive luminance distribution range improving,
parameters at step 215 and that to prepare a luminance
distribution range improving conversion table at step 220
together correspond to the luminance distribution range
improving LUT preparing umt A32 shown in FIG. 1.

25

30

Next, an explanation will be on luminosity. The luminos-
ity 1n this context as a characteristic quantity of a picture
means a measure ol the relative lightness of the whole
picture, and 1s represented by the median Ymed of distri-
bution obtained from the atorementioned histogram. There-
fore, totaling 1n this case, as 1n the above-described case, 1s
accomplished at the same time with totaling for contrast.

35

On the other hand, in analyzing a characteristic quantity,
the difterence from a Ymed_target, which 1s the ideal level ,,
of luminosity, (Ymed_target—Ymed) can be computed. Inci-
dentally, although “106” 1s used as the actual value of the
ideal value Ymed_target, this i1s not a fixed value. Or 1t may
be made changeable reflecting the user’s preference. Of
course this processing to compute the difference tfrom the
Ymed_target, which 1s the 1deal level of luminosity, (Ymed_
target—-Ymed) corresponds to relative lightness detection
processing at step 225.

Where a luminance correspondence relationship 1s to be
set regarding luminosity by utilizing this characteristic quan- 5q
tity (Ymed_target—Ymed), the following procedure 1s taken.
Whether or not a given picture 1s generally light can be
assessed by seeing whether the median Ymed 1s greater or
smaller than the i1deal value Ymed_target. If, for instance,
the median Ymed i1s “85”, 1t 1s smaller than the 1deal value 55
Ymed_target “106”, and accordingly the picture can be
primarily assessed to be “dark”, followed by numerical
secondary assessment that the relative darkness of the pic-

ture 1s “106-85”.

Where the peak of luminance distribution i1s on the 60
generally darker side as indicated by a solid line in FIG.
11(a) which 1s a luminance histogram, 1t can be shifted to a
generally lighter side as indicated by a broken line or,
conversely, where the peak of luminance distribution 1s on
the generally lighter side as indicated by a solid line 1n FIG. 65
11(d), 1t can be shifted to a generally darker side as indicated
by a broken line. In such a case, mstead of carrying out linear
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luminance conversion as shown in FIG. 9(b), luminance
conversion utilizing a so-called v curve as illustrated 1n FIG.
11(¢) can be performed.

This need to shift the peak of luminance distribution
applies to where the lightness of the picture 1s not within an
appropriate range, and such a correspondence relationship as
will provide an appropriate distribution range can be derived
by shifting the peak of luminance distribution.

Correction with a v curve would make the picture gener-
ally lighter where v 1s smaller than 1 or darker where v 1s
greater than 1. While raising the median Ymed by “21”
would make it identical with the 1deal value Ymed_target in
the above-cited example, 1t 1s not easy to raise the median
Ymed by exactly “21” using a v curve. For this reason,
corresponding v values can be set for the assessment value
(Ymed_target—Ymed) at intervals of “5” as shown in FIG.
12. Although the v value 1s varied by “0.05” for every “6”
variance 1n the assessment value 1n this case, it goes without
saying that the correspondence relationship between the two
factors can be altered as appropriate.

Further, as 1n the case of contrast retouching, it 1s also
possible to automatically set the vy value. The v value can be
set as follows, for example:

v=Ymed/106

or

v=(Ymed/106)**(12)

of course, a conversion table like the one shown in FIG.
11() 1s prepared 1n advance for luminance conversion using
the v curve as well. Here, the processing to determine v from
the table shown in FIG. 12 on the basis of the above-
mentioned assessed values and that to determine v by the
above-cited computation formula corresponds to the pro-
cessing to relative lightness improvement parameters at step
230, and the processing to prepare a conversion table in
which conversion values are determined 1n the range of “0”
through *“255” 1n advance using the v value corresponds to
the processing to prepare a relative lightness improvement
conversion table at step 235. Incidentally, the conversion
table to be finally prepared by this processing to prepare a
relative lightness improvement conversion table will be
referred to as LUT2.

Thus the work to determine the median Ymed or the
assessment value (Ymed_target—Ymed) corresponds to the
work to analyze characteristic quantities, and the processing
to prepare a conversion table while determining the v
correction value corresponds to the processing to set a
luminance correspondence relationship. If there 1s no more
luminance correspondence relationship, 1n the picture data
conversion processing at step 160, a conversion table is
designated, and converted picture data (R1, G1, B1) are
generated from the pre-conversion picture data (R0, G0, B0)
of each picture element.

Incidentally, the processing to detect relative lightness at
step 225 corresponds to the relative lightness determining
unit A33 shown in FIG. 1, and the processing to derive
relative lightness improvement parameters at step 230 and
that to prepare a relative lightness improvement conversion
table at step 235 together correspond to the relative lightness
improvement LUT preparing unit A34 shown i FIG. 1.

Incidentally, in this embodiment, two conversion tables
are prepared as described above. In actually converting
picture data, successive conversion using two conversion
tables 1mvolves much procedural waste. For this reason,
processing to integrate the two conversion tables 1s accom-
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plished at step 240. A detailed flowchart of this processing
for LUT integration 1s shown in FIG. 13. Both of the
above-cited conversion tables LUT1 and LUT2 have a tone
range of “0”, through “255”. Therefore, after conversion
according to LUT1 over the whole tone range, values
resulting from conversion according to LUT?2 can be used as
values converted according to an integrated conversion table
LUT3. First, the variable 1 of the pointer 1s cleared at step
310, and a loop o1 1=0 through 255 1s executed by increment

processing at step 330 and loop end judgment processing at
step 333.

Withun the loop, first the converted value of the tone value
1 according to LUT1 1s stored as a variable 11 at step 315, and
at step 320 the converted value of this converted value 11
according to LUT2 1s stored as a varnable 12. Since this
converted value 12 1s the result of referencing the two
conversion tables, it 1s set at step 325 as the converted value
of the tone value 1 according to the new conversion table
LUT3. Incidentally, FIG. 14 shows the process of integrating
the conversion tables LUT1 and LUT2. In this manner,
irrespective of how many luminance correspondence rela-
tionships there may be, conversion tables equivalent to the
setting of all those relationships can be prepared easily. Of
course, this processing for LUT integration corresponds to

the LUT integrating unit A35 in FIG. 1.

Incidentally, since 1n this case the imndividual conversion
tables LUT1 and LUT2 merely show intermediate values,
there 1s no need to equalize the tone range to what 1t
originally was, but 1t may be more detailed. If, for instance,
768 tone levels are provided in the mtermediate stage, and
they are reduced to 256 tone levels in the integrated con-
version table, the gradual expansion of errors 1n going
through the plurality of conversion tables can be prevented.

To add, 1n setting the luminance correspondence relation-
ships, the v curve was used for what 1s shown 1n FIG. 11(c¢),
and a straight line having a certain inclination a and an offset
b was used for what 1s shown 1n FIG. 9(b). They can be
regarded as being included among tone curves 1n a broad
concept 1n the sense that they allow determination of cor-
respondence relationships of tone values 1n a wide range by
using only one parameter or two.

Further, monotone pictures need not be black and white in
every case, but monotone pictures i other colors are also
liked. For this reason, once LUT integration 1s accom-
plished, processing for individual color component LUT
preparation 1s executed at step 245. FIG. 15 1s a detailed
flowchart of this processing.

Generally, where representative monotone colors (the set
of RGB highest 1n color saturation) are represented by (Rs,
Gs, Bs), the luminance value corresponding to them, by s,

and the converted luminance value, by Y1, the converted
RGB values (R1, G1, B1) can be expressed as:

R1=Y1*Rs/vs
G1=Y1Gs/vs
B1=Y1%*bs/vs

FIG. 16(a) 1s a graph showing a relationship in which the
rati1o among non-black-and-white monotone components 1s
constant. In this graph, the horizontal axis represents the
pre-converted luminance value y and the vertical axis, the
converted tone value of each color (which can be regarded
as the luminance value of each color). As stated above, for
the luminance value ys at which the color saturation 1s at its
highest there 1s the set of RGB (Rs, Gs, Bs), the ratio among,
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the tone levels of RGB then 1s held constant rrespective of
what the luminance value vy 1s.

Although the above-cited formulas suppose computation
of the G component as well, considering the impact of the
G component on luminance, the luminance value ys may be
substituted for the G component as 1t 15, and the computation
for the R component and the B component may be accom-
plished from the luminance value ys by utilizing differences
Al and A2 from the G component when the luminance value
1s ys. Thus:

R1=Y1*(1+A1*(¥Y1/ys))
Gl1=ys

B1=Y1*(1-A2*(¥1/ps))

Of course, as the conversion table LUT3 1s already
available, the RGB values (R1, G1, B1) when Y1 1s varied
over the whole tone range can be made ready as values of the
conversion table.

Although the ratio among the element colors (R:G:B) 1s
kept constant all the time 1n this example, it 1s also possible,
for instance, while equalizing the element color components
(R1, G1, B1) to the aforementioned relative proportions
(R:G:B) at the luminance value (ys) where this color
emerges most frequently (A1=R-G, A2=G-B), to equalize
the components gradually 1n other areas as relative lightness

increases or decreases. This correspondence relationship 1s
shown 1n FIG. 16(b).

This graph shows a mode of conversion using the afore-
mentioned vy curve. Thus, a v value which would let the set
of RGB at the luminance value ys become (Rs, Gs, Bs) 1s
computed, and the values of RGB (R1, G1, B1) when Y1 1s
varied over the whole tone range are determined by using
that v value to be made the values 1n the conversion table. In
the case of this graph, because of the relationship of
Rs>Gs>Bs, at least Rs>Y1 and Y1>Bs. Therefore, to take
note of the R component, the curve will be convex down-
ward with y<1, and to take note of the B component, the
curve will be convex upward with y>1. For the G compo-
nent, strictly speaking, v can be either no less than 1 or less
than 1, but the graph supposes y=1 for the sake of brevity.
It 1s to be noted, though, that in this case again, as stated
above, tone curves for conversion can be made ready only
for the R component and the B component with the G
component taken as the reference.

Of course, 1n this way, the aforementioned relative pro-
portions (R:G:B) cannot be the same between a low lumi-
nance value and a high luminance value. However, since the
alorementioned relative proportions cannot be maintained
anyhow where the luminance value reaches its maximum
and a low luminance value and a high luminance value
actually mean black and white, respectively, a mode of
variation which converges on the luminance value ys as in
this graph would be more natural.

In the processing for luminance correspondence relation-
ship setting, 1irrespective of whether coloring 1s done or not,
LUT mtegration for coloring 1s processed at step 245. As
shown 1n FIG. 15, at the first step 410 for this processing of
LUT integration for coloring, a coloring instruction params-
cter CL 1s acquired. A value representing a color may be
substituted into the coloring instruction parameter CL 1n
advance, or read 1nto it at this step 410, or else the display
unit 17al may urge the operator to do mputting and a value
according to the operation of the keyboard 15a or the mouse
156 may be set. Of course, correspondence 1s established 1n
advance between the color to be used 1n coloring and the
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parameter, and each color component when the parameter 1s
designated 1s set 1n a conversion table of:

LUT_R (CL, 0 through 255)
LUT_G (CL, 0 through 255)
LUT_B (CL, 0 through 255)

having a two-dimensional table structure. Incidentally, since
there may be cases 1n which no particular color 1s used but
the picture 1s monotone in black and white, there 1s also
prepared a conversion table 1n which different color com-
ponents are matched at each tone level, and 1s used where,
for instance, the coloring 1nstruction parameter CL 15 “0”. Of
course this processing of LUT integration for coloring
corresponds to the individual color component LUT prepar-
ing unit shown in FIG. 1.

Next, the variable 1 of the pointer 1s cleared to “0” at step
415, and a loop o1 1=0 through 255 1s executed by increment
processing at step 435 and loop end judgment processing at
step 440. Within the loop, each color component at the tone
value of the variable 1 1s set from step 420 through step 430:

LUT4R(1)=LUT_R (CL, LUT3())
LUT4GG)=LUT_G (CL, LUT3())
LUT4B(1)=LUT_B (CL, LUT3({))

Although 1n this example a conversion table showing the
conversion results for each color over the whole tone range
1s available, it 1s also possible to make ready a v correction
value for retouching each color with respect to each coloring,
istruction parameter, and execute a computation to accoms-
plish v correction using the conversion table LUT3 to
determine the values of LUT4R, LUT4G and LUT4B.

FIG. 17 shows the process ol integrating with the con-
version table LUT3 the coloring conversion tables. LUT_R,

LUT_G and LUT_B.

The conversion table LUT3 shown 1n FIG. 17 1s realized,
as described above, as a table showing a correspondence
relationship realizing contrast retouching and lightness
retouching 1n a single stage. Thus, on the basis of an actual
luminance equivalent y of a noted picture element, a lumi-
nance equivalent Y having undergone the retouching of
luminance distribution can be obtained.

On the other hand, LUT R, LUT G and LUT B are
conversion tables for expression 1n a prescribed monotone
specified by the coloring instruction parameter CL, and
entering a single luminance equivalent Y1 mto them would
give the tone levels of the element colors RGB at that
luminance equivalent. Of course, by referencing LUT3 by
the pre-retouching luminance equivalent v and referencing
LUT_R, LUT_G and LUT_B by the referenced luminance
equivalent Y1, the optimal retouching of the luminance
distribution for the pre-retouching luminance equivalent y
can be accomplished, and RGB tone values colored as
desired can be obtained. Integration ol conversion tables to
realize these 1n a single process ol conversion results in
LUT4R, LUT4G and LUT4B in FIG. 17.

Upon completion of the analysis of characteristic quan-
tities and the setting of luminance correspondence relation-
ships 1n this way, processing for picture data conversion 1s
executed at step 160. FIG. 18 1s a detailed flowchart of this
picture data conversion processing.

Picture data conversion 1s accomplished, as 1n checking
the luminance distribution, by retouching the picture data of
cach picture element while shifting the noted picture ele-
ment as shown 1n FIG. 7. The position of the noted picture
clement 1s indicated with the pointer, and this pointer is
shifted to 1ts 1mitial position at step 510. At step 515, the
luminance equivalent y of the noted picture element 1is
computed 1n the same manner as described above, and the
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conversion table LUT4 1s referenced by this luminance
equivalent y at step 520 through step 530 to determine the
color components R', G' and B'. The conversion 1tself 1s
completed now, and retouched picture data are supplied at
step 535. After that, the pointer 1s shifted to the next picture
clement at step 540 and, i1 the processing 1s judged at step
545 to have been completed for all the picture elements, the
processing ol picture data conversion will be completed or,
if the processing 1s judged not to have been completed for all
the picture elements, the above-described processing from
step 5135 onward will be repeated.

Incidentally, although luminance equivalents are com-
puted twice 1n this mode of implementation, when totaling
a luminance distribution and when converting picture data,
if 1t 1s so disposed that, as indicated by a broken line in FIG.
1, the picture acquisition unit output luminance equivalents
and store them 1n a work area while totaling the luminance
distribution, the luminance equivalents of picture elements
can be read 1n from this work area picture data conversion
processing to execute processing without having to carry out
conversion twice. Further, when the luminance equivalents
are stored as such in this way, each picture element 1s treated
as one element. As a result, only one byte 1s required, equal
to 13 of the case in which a total of three bytes are used
separately for the RGB components. Therefore, the file
capacity needs to be only ¥4 of that for the original picture
data.

Next will be described the operation 1n this mode of
carrying out the present invention.

Where 1t 15 desired to print 1n sepia picture data picked up
with the digital still camera 115, the user actuates the
application 12d, which may be picture printing software or
the like, on the computer system 10, and takes 1n picture data
from the digital still camera 115 using cable connection or
a detachable medium. Then the user selects from the opera-
tion menu of the application 124 or the like “sepia™ as the
way ol picture processing and “printing” for further pro-
cessing. This processing 1s executed as outlined 1n the
flowchart of FIG. 5. As in this case the picture data are
already taken 1n, the input processing at step 110 1s supposed
to have been executed, and the processing from step 120
through step 140 1s executed. Thus, the luminance equiva-
lent of each picture element 1s determined and a luminance
distribution 1s totaled for all the picture elements. To add, as
the result of totaling need not be strictly accurate, appropri-
ately sampled picture elements, nstead of all the picture
clements, may be totaled.

Hereupon, an explanation will be given with reference to
a specific subject and a photograph thereof. The subject 1s
supposed to be a ball illustrated in FIG. 19(a). This ball has
a pattern of stripes 1n different colors, can be likened to the
carth colored increasingly lighter toward the North and
South Poles and increasingly darker toward the Equator. A
color picture taken of this ball with the digital still camera
115 1s shown 1n FIG. 19(5). Although the picture itself 1s dull
in contrast, but the stripes in different colors can be recog-
nized as 1t 1s a color picture. Although this drawing makes
no distinction of the different tone levels, the stripes are
depicted to show where the color changes. Direct monoton-
1zation of a picture of such a dull contrast would obscure the
striped pattern, which 1s somehow recognizable 1n color, as
shown 1n FIG. 20(a).

However, the processing of characteristic quantity analy-
sis and luminance correspondence relationship setting
executed as step 150 derives from the luminance distribution
the range of contrast Ydif and the median Ymed of distri-
bution regarding these picture data, and creates the conver-
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sion table LUT3 for theirr improvement. As here 1s also
created the conversion table LUT4 for coloring the picture
in a sepia monotone while utilizing the correspondence
relationship to improve the luminance distribution, retouch-
ing the picture data on the basis of this conversion table
LUT4 would give a distribution which 1s improved in the
range ol contrast as well as satisfactory in lightness. Of
course as a result of that, the whole picture 1s rendered 1n a
sepia monotone, and the striped pattern can be recognized
even 1n monotone as illustrated 1n FI1G. 20(d). Thus, picture
retouchuing at the black-and-white stage, and giving a spe-
cific color, which are processed i multiple stages com-
pletely different in character from each other, are accom-
plished 1n collective conversion and, moreover, the result 1s
a monotone picture of very high quality.

Where color picture data are to be entered and monoton-
1zed 1n this way, the luminance distribution in the picture
data 1s totaled (step 120 through step 140), the luminance
correspondence relationship 1s set by utilizing the result of
totaling (step 150), and the picture 1s monotonized after
retouchuing the picture data on the basis of this luminance
correspondence relationship, the picture quality can be
improved as compared with monotonization based simply
on luminance and, moreover, the multi-stage conversion
involving this improvement of luminance distribution and
coloring can be accomplished collectively.

INDUSTRIAL APPLICABILITY

As hitherto described, the present invention can provide a
monotone conversion apparatus capable of generating a
monotone picture of satisfactory picture quality because the
luminance values of the picture elements are adjusted to give
the optimal luminance distribution.

Further, according to claam 2 of the invention, 1t 1s
possible to determine the different element colors to consti-
tute a prescribed ratio among them while achieving the
optimal luminance distribution, and monotone conversion
can be realized in any desired color including black and
white.

Further, according to claim 3 of the mnvention, the values
of different element colors can be determined with com-
parative ease because varying the relative proportions 1s
realized with a tone curve.

Further, according to claim 4 of the invention, processing
can be accomplished 1n higher speed because a plurality of
stages of conversion are realized collectively.

Further, according to claim 3 of the invention, an inte-
grated correspondence relationship can be easily realized by
utilizing conversion tables.

Further, according to claam 6 of the invention, 1t 1s
possible to generate a monotone picture whose range of
contrast 1s made appropriate.

Further, according to claim 7 of the invention, a monotone
picture whose lightness 1s kept within an appropriate range,
1.e. which has appropnate levels of luminance, neither too
light nor too dark, can be generated.

Further, according to any of claims 8 through 11 of the
invention, a monotone conversion method having similar
advantages can be provided, and according to any of claims
12 through 15 of the 1invention, a medium recording thereon
a monotone conversion program can be provided.

The 1nvention claimed 1s:

1. A monotone conversion apparatus for converting color
picture data into monotone picture data characterized in that
it 1s provided with a picture acquisition umt for expressing
a picture in picture elements mm a dot matrix form and
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acquiring color picture data representing each picture ele-
ment 1n gradation of prescribed element colors 1into which an
original color 1s separated;

a luminance distribution totaling unit for totaling the
luminance equivalent of each picture element on the
basis of these picture data;

a luminance correspondence setting unit for setting a
correspondence relationship for collective accomplish-
ment of conversion so that, while converting the per-
tinent luminance distribution on the basis of output of
the luminance distribution totaling unit, relative pro-
portions among element colors be adjusted to pre-
scribed values correspondingly to luminance values
after luminance conversion; and

a picture data conversion unit for generating monotone
picture data in which the luminance of each picture
clement 1n said picture data 1s converted on the basis of
this set correspondence relationship.

2. A monotone conversion apparatus, as set forth 1n claim

1, characterized in that said luminance correspondence set-
ting unit, in adjusting relative proportions among element
colors to prescribed values, achieves smooth variation over
the whole range of tone levels while realizing certain
relative proportions 1n luminance equivalent terms by uti-
lizing a tone curve.

3. A monotone conversion apparatus, as set forth in claim
1 or 2, characterized in that said luminance correspondence
setting unit generates a plurality of conversion tables match-
ing ndividual ones of said correspondence relationships,
and generates an integrated conversion table to integrate
these conversion tables.

4. A monotone conversion apparatus, as set forth 1n claim
3, characterized 1n that said luminance correspondence set-
ting unit causes conversion tables matching said individual
correspondence relationships to have tone ranges more
accurate than the tone range of said integrated conversion
table.

5. A monotone conversion apparatus, as set forth 1n claim
1 or 2, characterized 1n that said luminance correspondence
setting unit said correspondence relationships on the basis of
the result of successive execution of computations repre-
senting the individual correspondence relationships.

6. A monotone conversion method for converting color
picture data into monotone picture data characterized in that
it 1s provided with a picture acquisition step to express a
picture in picture elements in a dot matrix form and acquire
color picture data representing each picture element 1n
gradation of prescribed element colors into which an origi-
nal color 1s separated;

a luminance distribution totaling step to total the lumi-
nance equivalent of each picture element on the basis of
these picture data;

a correspondence setting step to set a correspondence
relationship for collective accomplishment of conver-
sion so that, while converting the pertinent luminance
distribution on the basis of the totaled luminance dis-
tribution, relative proportions among element colors be
adjusted to prescribed values correspondingly to lumi-
nance values after luminance conversion; and

a picture data conversion step to generate monotone
picture data in which the luminance of each picture
clement 1n said picture data 1s converted on the basis of
this set correspondence relationship.

7. A monotone conversion method, as set forth 1in claim 6,
characterized 1n that at said luminance correspondence set-
ting step, 1 adjusting relative proportions among element
colors to prescribed values, smooth variation 1s achieved
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over the whole range of tone levels while realizing certain
relative proportions 1n luminance equivalent terms by uti-
lizing a tone curve.

8. A monotone conversion method, as set forth in claim 6
or 7, characterized in that said luminance correspondence
setting step generates a plurality of conversion tables match-
ing 1ndividual ones of said correspondence relationships,
and generates an integrated conversion table to integrate
these conversion tables.

9. A monotone conversion method, as set forth in claim 8,
characterized 1n that at said correspondence setting step
conversion tables matching said individual correspondence
relationships have tone ranges more accurate than the tone
range of said integrated conversion table.

10. A monotone conversion method, as set forth in claim
6 or 7, characterized 1n that at said correspondence setting
step said correspondence relationships are set on the basis of
the result of successive execution of computations repre-
senting the imndividual correspondence relationships.

11. A medium recording thereon a monotone conversion
program for converting color picture data into monotone
picture data, for causing a computer to express a picture in
picture elements 1n a dot matrix form, acquire color picture
data representing each picture element in gradation of pre-
scribed element colors into which an original color 1s
separated, and thereby generate monotone picture data, said
monotone conversion program being characterized 1n that 1t
1s provided with:

a luminance distribution totaling step to total the lumi-
nance equivalent of each picture element on the basis of
these picture data;

a luminance correspondence setting step to set a corre-
spondence relationship for collective accomplishment
of conversion so that, while converting the pertinent
luminance distribution on the basis of the totaled lumi-
nance distribution, relative proportions among element
colors be adjusted to prescribed values correspondingly
to luminance values after luminance conversion; and
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a picture data conversion step to generate monotone
picture data in which the luminance of each picture
clement 1n said picture data 1s converted on the basis of
this set correspondence relationship.

12. A medium recording thereon monotone conversion
program, as set forth in claim 11, said monotone conversion
program being characterized in that at said luminance cor-
respondence setting step, 1 adjusting relative proportions
among element colors to prescribed values, smooth variation
1s achieved over the whole range of tone levels while
realizing certain relative proportions 1n luminance equiva-
lent terms by utilizing a tone curve.

13. A medium recording thereon monotone conversion
program, as set forth m claim 11 or 12, said monotone
conversion program being characterized in that at said
luminance correspondence setting step a plurality of con-
version tables matching individual ones of said correspon-
dence relationships are generated, and an integrated conver-
sion table to integrate these conversion tables 1s generated.

14. A medium recording thereon monotone conversion
program, as set forth 1n claim 13, said monotone conversion
program being characterized in that at said luminance cor-
respondence setting step conversion tables matching said
individual correspondence relationships have tone ranges
more detailed than the tone range of said integrated conver-
s10n table.

15. A medium recording thereon monotone conversion
program, as set forth i claim 11 or 12, said monotone
conversion program being characterized in that at said
luminance correspondence setting step said correspondence
relationships are set on the basis of the result of successive
execution of computations representing the individual cor-
respondence relationships.
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